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Description

FIELD OF THE INVENTION

[0001] The present invention seeks to improve upon
existing techniques for dosimetry in radiotherapy treat-
ment. It aims to move towards providing a form of real-
time in-vivo dosimetry.

BACKGROUND ART

[0002] Radiotherapy apparatus delivers a beam of
high-energy radiation (typically in the MeV range, apt to
damage tumour cells) which is directed towards a tumour
site (or other lesion) in a collimated and controlled man-
ner. Thus, the lateral extent of the beam is limited by
collimating elements so as to match a pattern determined
in a predetermined treatment plan, such as the external
profile of the tumour or a subsection of it. The direction
of the beam is also varied, so that the tumour is irradiated
from multiple directions, thereby reducing the dose de-
livered to tissue surrounding the tumour site. The treat-
ment is also delivered in "fractions", i.e. individual frac-
tional doses delivered at intervals of (for example) a day,
which add up to a total dose to be delivered; delivering
the dose in fractions alleviates the side-effects on the
healthy tissue surrounding the tumour site.
[0003] Typically, a treatment plan will be drawn up prior
to delivery of the first fraction, which will detail the beam
shapes, directions, and intensity/duration of a number of
beam segments that together will form the first fraction.
These beam segments are designed to, collectively, de-
posit a three-dimensional dose distribution in the tumour
which corresponds to that prescribed by a clinician, and
which both generally minimises the dose delivered to
non-non-tumour areas, and remains within upper dose
limits for certain designated sensitive areas of the patient.
This is a challenging problem, and the treatment plan is
generally arrived at by an iterative process carried out
on a computational device. US 2014/193058 discloses
a therapy system which includes one or more processors.
The processors are programmed to receive one or more
of: (1) dosimetric data from dosimeters implanted within
a patient and/or positioned on a vest; and motion data
from surrogates implanted within the patient. Based on
the motion data, a current location and/or shape of a sur-
rogate is determined and deviations between the current
location and/or shape and a reference location and/or
shape are determined. Based on the dosimetric data, a
delivered dose distribution is compared with a planned
dose distribution and deviations therebetween are deter-
mined. The deviations determined from the motion data
and/or the dosimetric data are employed for adaptive
planning, alignment, post treatment analysis, and safety.
[0004] It is now fairly common for radiotherapy appa-
ratus to have a detector, usually attached to the gantry,
located opposite the high-energy radiation source and
positioned so as to detect the radiation beam after it has

passed through the patient. Such "portal imagers" usually
comprise a flat-panel detector (in the form of an electronic
portal image detector, or "EPID") which can create an
image of the treatment beam as attenuated by the patient;
from this image and from a priori knowledge of the beam
that was delivered, information as to the distribution of
radiation fluences passing through the patient can be ar-
rived at. Once the sequence of instantaneous fluence
patterns have been brought together after a fraction is
complete, they can be used in conjunction with anatom-
ical information acquired prior to or during treatment (for
example a planning CT scan or intra-fraction MR im-
age(s)) to estimate the three-dimensional dose pattern
or dose equivalent that was delivered during that fraction.
A significant computational effort is involved, so the cal-
culation is usually done after the fraction is complete,
using all of the observed fluence patterns from the frac-
tion, to allow a post-fraction QA check of the dose deliv-
ery.

SUMMARY OF THE INVENTION

[0005] This process of creating a post-fraction check
of the delivered dose is a useful form of quality assurance.
However, if there has been a significant error in the treat-
ment planning and/or delivery processes then this QA
check will only bring this to light after the incorrect dose
has already been delivered. A preferable form of QA
would be a real-time check on the instantaneous dose
actually being delivered, offering the option to suspend
the delivery if an error was evident.
[0006] We have realised that the EPID images and/or
the individual fluences derived from the EPID images and
the delivered beam provide a potential source of data for
real-time dosimetry verification provided that a compu-
tational route is found that is sufficiently efficient to be
performed in the time available.
[0007] According to the present invention, an expected
dose delivery pattern for the fraction in question is cal-
culated in advance, based on the treatment plan, and
used for comparison purposes during the first treatment
fraction. All that needs to be calculated during the treat-
ment fraction, therefore, is the incremental increase in
the dose that has been delivered based on the observed
fluences that are derivable from the EPID data.
[0008] The present invention therefore provides a ra-
diotherapy apparatus comprising a source of therapeutic
radiation for delivering a dose to a patient, an electronic
portal image detector for detecting the therapeutic radi-
ation after it has passed through the patient and after
attenuation by the patient, and a control unit adapted to:

i. receive a sequence of dose delivery instructions;
ii. receive data describing the patient and character-
ising at least the patient geometry
iii. using the dose delivery instructions and the pa-
tient data, perform a first computational analysis to
ascertain an expected dose distribution to be deliv-

1 2 



EP 3 103 521 B1

3

5

10

15

20

25

30

35

40

45

50

55

ered to the patient by performance of an initial subset
of the dose delivery instructions in order to produce
a first dose distribution and a first profile indicative
of the development of the first dose distribution dur-
ing its delivery;
iv. subsequent to completion of the first computa-
tional analysis, cause the apparatus to perform the
dose delivery instructions; and
v. during the performance of the dose delivery in-
structions,

a. acquire the output of the detector;
b. perform a second computational analysis
based on the acquired output in conjunction with
the patient data to produce an estimated actual
dose distribution and a subsequent profile indic-
ative of the development of the subsequent dose
distribution during its delivery, and
c. compare the estimated actual dose distribu-
tion to the expected dose distribution by com-
paring the first and the subsequent profiles to
ensure that the subsequent dose distribution is
developing in the same manner as the first dose
distribution.

[0009] The control unit can react to the result of the
comparison in a number of ways. A simple alert signal if
the comparison shows a significant difference between
the subsequent dose distribution and the first dose dis-
tribution will enable the operators of the apparatus to in-
tervene and take appropriate action. Alternatively, the
discovery of a significant difference could prompt the ces-
sation of the treatment fraction. A difference can be con-
sidered significant if it exceeds a predetermined thresh-
old, for example. It may also be possible for the apparatus
to compute a corrective action or a damage-mitigating
action, especially where the comparison reveals an un-
der-dose.
[0010] The comparison may be performed as an addi-
tive process, wherein the actual dose distribution accu-
mulates and is compared with the expected dose distri-
bution; alternatively, the actual dose distribution may be
subtracted from the expected dose distribution. Thus, the
comparison may be displayed in a number of different
ways to aid a visual display of and/or a practitioner’s mon-
itoring of progress of a dose delivery. For example, it may
be that monitoring a dose yet to be delivered approach
zero is more straightforward to comprehend than moni-
toring a dose already delivered reach a pre-determined
level.
[0011] In general, steps (i) to (iii) will be started on a
first calendar day and steps (iv) and (v) will take place
on a later calendar day. This allows time for the compu-
tational analysis of step (iii), which may (often) take place
overnight.
[0012] The computation of step (iii) is preferably re-
peated to derive multiple expected dose distributions cor-
responding to multiple initial subsets of the dose delivery

instructions. An "initial subset" is intended to mean a sub-
set of the entire set of dose delivery instructions which
starts with the first instruction and includes a number of
subsequent instructions following from the first, up to an
instruction which is part-way through the entire set and
not including any subsequent instructions. In this way,
the multiple expected dose distributions model the pro-
gressive development of the delivered dose as the treat-
ment fraction progresses. Ideally, the number of expect-
ed dose distributions will be equal to the number of in-
structions, meaning that the delivered dose after each
instruction is modelled and offering the greatest sensi-
tivity to errors in delivery. However, for reasons of com-
putational efficiency this need not be the case. Individual
expected dose distributions within a treatment plan need
not be identical to each other. For example, if progress
of the therapeutic efficacy is monitored and the treatment
plan is altered between fractions, or if a treatment plan
includes different planned fractions, then individual frac-
tions are likely to result in different expected dose distri-
butions and actual dose distributions.
[0013] The source will often include sensors to meas-
ure its radiation output, in which case the delivered radi-
ation can be determined by observing a difference be-
tween an output beam as measured by the sensors and
an attenuated beam as measured by the detector.
[0014] The data describing the patient ideally includes
at least data defining an external surface of the patient,
and can also include data defining at least one of tissue
types and tissue densities within the patient. Where it
includes just an external surface of the patient. the com-
putational analysis can comprise a back-projection of the
stored radiation fluence information through a body that
consists of a standard material (such as water) having a
shape corresponding to the external surface of the pa-
tient, thereby to determine a dose distribution. Such an
analysis is straightforward to compute and can therefore
be done during the further performance. Where sufficient
computing resources are available, the data describing
the patient can be in greater detail and the computational
analysis can comprise back-projection of the stored ra-
diation fluence information through the defined tissue
type information.
[0015] This could be done with varying levels of com-
plexity. In one example, 2D images of the patient taken
before or during treatment (using various modalities, in-
cluding X-ray, MRI, SPECT or PET etc.) could be used
to determine the position and/or density of the various
tissue types in relation to the radiation beam prior to or
during the treatment fraction. These could then be used
in conjunction with the attenuated beam as measured by
the detector to determine an estimation of the dose de-
livered to various tissues within the patient during the
course of the fraction, which could be used to determine
if the fraction is proceeding according to radiation treat-
ment plan.
[0016] In another example, multiple 2D images could
be taken of the patient prior to or during treatment in order
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to generate a 3D volumetric image of the patient. Images
taken prior to treatment in this manner could be combined
using methods known in the art, for example with a sur-
rogate signal, such as a spirometer or a marker block on
the patient in order to account for periodic motion of the
patient caused by, for example, breathing, so that 2D
images taken during the same phase in the breathing
cycle could be combined to create a clearer 3D image of
one phase in the patient’s breathing cycle. During treat-
ment the same surrogate signal could be used to deter-
mine the position of the tissues at the time the attenuated
beam image is acquired, in order to more accurately cal-
culate dose deposition within the patient. Alternatively,
the radiation beam could be gated so that radiation is
only applied to the patient when the patient has reached
a particular phase in their breathing cycle, corresponding
to that phase for which a 3D image has been reconstruct-
ed, in order that the 3D image could be used to determine
the dose deposition. In cases where the plurality of 2D
images are taken during treatment, such a system could
use a surrogate signal or a common clock to match the
acquired intra-fraction anatomical images with the cor-
responding attenuation image, and use these intra-frac-
tion anatomical images to determine the positions of the
patient’s tissues and in turn to determine the accumula-
tion of dose during the course of the fraction.
[0017] In another example, multiple 2D images could
be processed to produce multiple 3D images of the pa-
tient’s target volume, where each 3D image represents
the patient’s anatomy at one phase in their breathing cy-
cle. These 3D images in turn could be used to model the
motion of the patient’s internal tissues in 4D. This could
be done using methods known in the art, where 3D im-
ages generated using multiple 2D images taken during
the same phase of the patient’s breathing cycle are in
turn sequenced so as to create a 4D motion model of the
patient’s internal anatomical positions (if the images are
taken prior to the start of treatment), or real-time 4D cine
images where the images of the patient continue to be
acquired during the course of the fraction in order to up-
date the 3D images and therefore the 4D cine images.
These models or cine images could then be combined
with the images of the attenuated beam to determine the
deposition of dose in the patient during the course of the
fraction on a tissue-by-tissue basis, in order to determine
throughout the fraction whether any significant deviations
from the planned dose deposition are occurring.
[0018] Where no such data exists, such a method
could still be applied purely to the attenuated beam as
measured by the detector to determine a pattern of radi-
ation exposure accumulated during the fraction, which
could be compared to the estimated model.
[0019] Patient data such as tissue type information
could be obtained by, for example, an atlas-based auto-
segmentation software which determines tissue type
based on its shape and location in an image compared
with a standard, defined reference image, or any suitable
alternative software. Tissue type information obtained by

such means could be complemented by a lower-resolu-
tion method for tracking a surface or boundary of a par-
ticular tissue type during the treatment fraction, in order
to provide further precision during the performance of the
dose delivery instructions. In this way it is only necessary
to define the tissue types once, and mark their locations
on the image. Thereafter, the boundaries of these tissues
could be tracked and used to determine the positions of
the tissues in each image. One suitable lower-resolution
method for tracking a tissue boundary could be a defor-
mation field analysis; as real-time computational capa-
bilities develop, more precise tissue type tracking could
be used with the present invention.
[0020] Where the computational ability of the system
is limited, an alternative to comparing the dose across
the whole detector area may be to make comparisons
between sub-regions of the detector. This could either
be done by selecting specific groups of pixels on the de-
tector and comparing the dose accumulation in those pix-
el groups as the fraction progresses, or by selecting a
specific sub-region of an identified tissue type (such as
tumour, organ, bone, etc.) and monitoring the accumu-
lation of dose in that tissue type sub-region during the
progression of the fraction. In either case, the progres-
sion of dose accumulation could be compared between
fractions to determine if the fraction is progressing as
intended, and action taken should it be found that there
is significant deviation between dose accumulation pat-
terns during subsequent fractions.
[0021] The data describing the patient can be derived
from one of a CT scan and an MRI scan of the patient in
a generally known manner.
[0022] The analysis is preferably carried out on a semi-
continuous basis during the fraction. Thus, the control
apparatus is preferably arranged to perform the first com-
putational analysis taking into account the acquired in-
formation resulting from an initial subset of the steps with-
in the sequence of dose delivery instructions, and per-
form the second computational analysis during the fur-
ther performance of the dose delivery instructions and
after a corresponding initial subset of the steps within the
sequence of dose delivery instructions. A first subset may
(for example) comprise steps 1 to ’n’ of the sequence of
instructions. The control apparatus is ideally arranged to
perform multiple pairs of computational analyses after
different subsets of the steps within the sequence of dose
delivery instructions, such as after a second subset which
may comprise steps 1 to ’m’ of the sequence of instruc-
tions.
[0023] Delivered radiation fluence may be measured
by the detector. If more information is available, for ex-
ample if images of patient anatomy are available, then
measurements from the detector may be back-projected
to estimate a spatial measure of delivered radiation flu-
ence. This back-projected estimate could be compared
in the actual dose, as in step v, to the expected dose.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] An embodiment of the present invention will
now be described by way of example, with reference to
the accompanying figures in which;

Figure 1 shows a schematic form of apparatus to
which the present application can be applied;

Figure 2 shows the known comparison process;

Figure 3 shows a sample dose development accord-
ing to the present invention; and

Figure 4 shows the comparison process according
to the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] Figure 1 schematically illustrates a radiotherapy
apparatus to which the present invention can be applied.
A patient 10 including a tumour or other lesion 12 is sup-
ported on a patient table 14. This is positionable in a
generally known manner which allows the position of the
patient 10 to be adjusted in up to 6 axes (three transla-
tional, three rotational), thus allowing the tumour 12 to
be positioned at a location convenient to the apparatus.
[0026] A gantry 16 is provided closely adjacent to the
patient table 14, and is rotatable around a horizontal axis
18. As illustrated, the patient table 14 is arranged so that
the horizontal axis 18 is generally aligned with the pa-
tient’s cranio-cordal axis, but in practice the table may
be rotated so that the patient is at whatever angle is con-
venient for the treatment that is intended. Rotation of this
type can be useful in moving sensitive structures of the
patient out of the field of treatment or into an area of the
field that is more easily avoided. An arm (not visible) ex-
tends from the gantry 16 and carries a source of thera-
peutic radiation 20 which emits a beam 22 generally to-
wards the horizontal axis 18. Collimators 24 are provided
within the source structure, which are able to shape and
direct the beam 22 into a chosen cross-section being a
subset of its maximum aperture. One or more sensors
25 are also provided within the source, to measure the
radiation output.
[0027] As shown in figure 1, the source 20 on the gantry
16 is at its uppermost position, thus directing the beam
22 vertically downwardly. As the gantry 16 rotates and
carries the source 20 with it, the beam will approach the
patient from a range of directions. Assuming that the col-
limators 24 are used to shape the beam cross-section to
the shape of the tumour 12 when viewed along that di-
rection (known as rotational conformal arc therapy) then
the effect will be that the tumour 12 remains in the beam
at all times whereas surrounding tissue is only briefly
irradiated when the gantry 16 is at or passing through
one of two particular rotational positions. Thus, this ar-
rangement allows the dose delivered to the tumour to be

maintained whilst delivering a significantly lower dose to
surrounding tissue.
[0028] Other treatment modalities are possible, involv-
ing collimator movements that are more complex than
the relatively simple rotational conformal arc therapy. In
such treatments, the collimation may be adjusted along
with the rotation speed of the gantry and the dose rate
delivered by the source 20 in order to build up a three-
dimensional dose distribution that is optimised around
the tumour and the patient’s anatomy. Such a dose dis-
tribution can ensure a sufficient dose is delivered into the
tumour whilst observing maximum permitted doses to
other areas, which may vary according to the nature of
the tissue at those areas. For example, sensitive areas
such as the spinal cord can be protected from radiation
doses. Such a dose distribution is delivered by computing
a "treatment plan" which consists of the necessary gantry
movements, collimator movements, and dose rates
which need to take place in order to deliver the distribu-
tion. The treatment plan is generally obtained by an iter-
ative computation process which takes into account the
dose distribution and the apparatus constraints in a gen-
erally known manner to arrive at a treatment plan which
is individual to that patient.
[0029] The gantry 16 is usually set within a wall 19 so
that the relatively bulky mechanisms for supporting the
gantry and rotating it accurately can be concealed, al-
lowing a cosmetically acceptable environment for the
treatment room.
[0030] Also attached to the gantry 16 is an electronic
portal imaging device (EPID) 26 in the form of a flat panel
detector for the therapeutic radiation, usually using scin-
tillation techniques to derive a digital image of the ther-
apeutic beam. The EPID 26 is positioned on the gantry
opposite the source 20 and thus the patient 10 lies be-
tween the source 20 and the EPID 26. As a result, the
EPID 26 sees the therapeutic beam after attenuation by
the patient 10, and thus with knowledge of the nature of
the beam that was emitted, and the patient’s anatomical
information, a measure of the radiation absorbed by the
patient can be determined. From the set of such doses
obtained throughout the treatment, a three-dimensional
representation of the actual dose delivered to the patient,
can be computed once the treatment fraction is complete.
This computation process takes some time, but is usually
available prior to the next treatment fraction. It means
that the dose that was actually delivered can be com-
pared to the dose that was planned to be delivered, thus
validating the treatment plan and confirming that the
treatment fraction was successful. Generally, this is done
after each fraction.
[0031] Thus, figure 2 shows the comparison process
in a conventional radiotherapy apparatus. The treatment
plan comprises a series of individual sub-doses 28a, 28b,
28c, 28d, 28e, 28f; a specific treatment plan may include
more sub-doses or fewer sub-doses as required. Togeth-
er, these subdoses 28a-28f cumulatively deliver a total
dose 30. During the treatment planning stage, this will
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have been compared to the dose prescribed by the phy-
sician and confirmed as being identical or within a set
tolerance that is deemed acceptable. The apparatus then
delivers the first treatment fraction, delivering sub-doses
32a, 32b, 32c, 32d, 32e, 32f. During this time, the EPID
26 monitors the radiation exiting the patient and records
this. After delivery of the fraction, it combines this infor-
mation with patient-specific anatomical information to de-
termine the sub-doses delivered during the fraction.
These sub-doses are summed to create a cumulative
dose 34 and a comparison 36 is carried out with the
planned dose 30 or the prescribed dose to confirm that
any differences are within a set tolerance that is deemed
acceptable.
[0032] If there are non-trivial differences between the
planned or prescribed dose and the dose actually deliv-
ered, then an alert is raised to draw the attention of med-
ical staff who can investigate why this has happened.
Otherwise, the second fraction can then be delivered in
a similar manner. Thus, sub-doses 38a to 38f will be de-
livered, and monitored throughout by the EPID 26. At the
end of the second fraction, a comparison 42 is made
between the total dose 40 delivered during that fraction
and the planned dose 30 or the prescribed dose, again
to confirm that any differences are within a set tolerance
that is deemed acceptable. Similar alerts can be raised
if a significant difference is observed, or the treatment
can continue to a further fraction (if required) in the same
way.
[0033] Clearly, if there is an error in the delivery of a
fraction then this will not be detected until that fraction is
complete. Whilst this is obviously better than nothing, it
would be useful to be able to detect errors sooner than
this. The present invention therefore proposes that an
expected dose delivery pattern for the first (and subse-
quent) fractions be calculated from the treatment plan
and used for comparison purposes during the treatment
fraction in question. The treatment plan will comprise a
series of steps, and the beam shapes that will be deliv-
ered by those steps can be modelled. With knowledge
of those beam shapes, the dose patterns during delivery
of the first fraction can be modelled - ideally using the
same reconstruction technique as that which is to be used
during the treatment fractions. These expected dose dis-
tributions can then be used as the basis for comparison
with the actual dose distributions reconstructed as the
fraction progresses, to compare and determine any var-
iations in the delivery.
[0034] To illustrate the concept, imagine a single point
dose being calculated per treatment plan step (or with
respect to time) as shown in figure 3. Along the x axis of
figure 3 is the progress of the treatment fraction, meas-
ured in any convenient scale such as time, or treatment
step, or the like. Along the y axis is the dose delivered to
the point in question. The diamond-shaped points 44 il-
lustrate the total dose that is expected to be delivered up
to that point during that treatment fraction. As can be
seen, this increases steadily with each sub-dose 46 until

at the end of the treatment the planned total dose 48 has
been delivered.
[0035] In an actual fraction (such as the first, second,
third, fourth etc), the same reconstruction process can
be carried out based on the observed EPID fluence
measurements to produce a further dose/progress pro-
file, this time illustrated with square points 50. In this case,
the square points 50 of the subsequent fraction closely
follow the diamond points 44 of the first fraction, indicating
that the subsequent fraction is developing in the same
manner as the first fraction. This comparison can be
made with an acceptable tolerance in mind. Thus, a com-
parison can be made after each sub-dose 46 of the sec-
ond and subsequent fractions in order to determine that
the fraction is progressing normally. This can be repeated
for each point within the tumour, or within the patient, or
within a region of interest, depending on the computa-
tional load involved and the computational power avail-
able. If a significant divergence is detected then an alert
can be issued and/or the treatment fraction stopped or
suspended. This should (in most cases) result in a lower
accidental dose being delivered. It is notable that if the
error is in the early part of the treatment and in relation
to a location that is to receive a significant dose, then it
may be possible to detect a developing error before the
prescribed dose 48 has been delivered.
[0036] Figure 4 shows a version of figure 2, showing
the additional comparisons provided by the present in-
vention. Thus, in addition to the comparison 36 carried
out at the end of the treatment fraction, there are a series
of comparisons 52a to 52f between the effects predicted
by the planned sub-doses 28x and those produced by
the actual sub-doses 32x .
[0037] The comparison process can then be repeated
for subsequent fractions, each being compared to the
dose buildup profiles predicted by computation based on
the treatment plan. If the subsequent fractions use the
same treatment plan then the same predicted dose build-
up profiles can be used.
[0038] The dose itself (for each location) is calculated
from knowledge of the fluence patterns obtained from
the EPID and from knowledge of the patient anatomy.
The ideal approach is to start from a known shape and
internal structure of the patient (i.e. tissue types, tissure
densities etc) and reconstruct the observed ray fluences
through the patient in order to calculate the dose deliv-
ered at each point within the patient, using known tech-
niques. This approach produces the most accurate rep-
resentation of the dose pattern that was delivered. Alter-
natively, a less computationally demanding approach is
to use only the patient outline and assume that the patient
is composed of a uniform standard material, such as wa-
ter. Without having to take account of internal variations
in the patient tissue density, the dose pattern is much
easier to compute, allowing it to be done several times
within the time required to deliver a treatment fraction.
The dose pattern produced in this way is less accurate,
but (we have found) is sufficient for the purpose of com-

9 10 



EP 3 103 521 B1

7

5

10

15

20

25

30

35

40

45

50

55

parison with other treatment fractions.
[0039] Thus, after each sub-dose or after a group of
sub-doses, the cumulative dose delivered so far during
the fraction can be calculated. These can be compared
with the corresponding dose patterns computed using
the treatment plan in order to provide a real-time confir-
mation that the fraction is proceeding as intended.
[0040] Thus, by allowing a simpler reconstruction
(such as a water model of the patient) and by operating
(at any one time) on only a subset of the sub-doses de-
livered during a fraction (instead of the entire fraction),
the present invention reduces the computational load of
this type of checking process to one that can be complet-
ed in real time as the treatment fraction progresses.
[0041] In some systems, the treatment plan for the sec-
ond or subsequent fractions is adjusted to take account
of variations in the size, shape, position of the tumour
(etc). Corresponding variations could be made to the re-
corded data from the first fraction and the patient ana-
tomical information in order to ensure that the compari-
son remains valid.
[0042] It will of course be understood that many vari-
ations may be made to the above-described embodiment
without departing from the scope of the present invention.

Claims

1. Radiotherapy apparatus comprising;

a source of therapeutic radiation for delivering
a dose to a patient,
an electronic portal image detector for detecting
the therapeutic radiation, after it has passed
through the patient and after attenuation by the
patient,
a control unit adapted to:

i. receive a sequence of dose delivery in-
structions;
ii. receive data describing the patient and
characterising at least the patient geometry;
iii. using the dose delivery instructions and
the patient data, perform a first computa-
tional analysis to ascertain an expected
dose distribution to be delivered to the pa-
tient by performance of an initial subset of
the dose delivery instructions in order to pro-
duce a first dose distribution and a first pro-
file indicative of the development of the first
dose distribution during its delivery;
iv. subsequent to completion of the first
computational analysis, cause the appara-
tus to perform the dose delivery instruc-
tions; and
v. during the performance of the dose de-
livery instructions,

a) acquire the output of the detector;
b) perform a second computational
analysis based on the acquired output
in conjunction with the patient data to
produce an estimated actual subse-
quent dose distribution and a subse-
quent profile indicative of the develop-
ment of the subsequent dose distribu-
tion during its delivery, and
c) compare the estimated actual dose
distribution to the expected dose distri-
bution by comparing the first and the
subsequent profiles to ensure that the
subsequent dose distribution is devel-
oping in the same manner as the first
dose distribution.

2. Radiotherapy apparatus according to claim 1 in
which the control unit is adapted to issue an alert
signal if the comparison shows a significant differ-
ence between the subsequent dose distribution and
the first dose distribution.

3. Radiotherapy apparatus according to claim 2 in
which a difference is significant if it exceeds a pre-
determined threshold.

4. Radiotherapy apparatus according to any one of the
preceding claims in which steps i. to iii. start on a
first calendar day and steps iv. and v. take place on
a later calendar day.

5. Radiotherapy apparatus according to any one of the
preceding claims in which the source includes sen-
sors to measure its radiation output, and the deliv-
ered dose is determined by a difference between an
output beam measured by the sensors and an atten-
uated beam measured by the detector.

6. Radiotherapy apparatus according to any one of the
preceding claims in which the data describing the
patient includes data defining an external surface of
the patient.

7. Radiotherapy apparatus according to claim 6 in
which the computational analysis comprises back-
projection of the stored radiation fluence information
through a body consisting of a standard material hav-
ing a shape corresponding to the external surface of
the patient thereby to determine a dose distribution.

8. Radiotherapy apparatus according to claim 7 in
which the standard material is water.

9. Radiotherapy apparatus according to any one of
claims 1 to 6 in which the data describing the patient
includes data defining at least one of tissue types
and tissue densities within the patient.
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10. Radiotherapy apparatus according to claim 9 in
which the computational analysis comprises back-
projection of the stored radiation fluence information
through the defined tissue type information thereby
to determine a dose distribution.

11. Radiotherapy apparatus according to any one of the
preceding claims in which the data describing the
patient is derived from one of a CT scan and an MRI
scan of the patient.

12. Radiotherapy apparatus according to any one of the
preceding claims in which the computation of step
(iii) is repeated to derive multiple expected dose dis-
tributions corresponding to multiple initial subsets of
the dose delivery instructions.

13. Radiotherapy apparatus according to any one of the
preceding claims in which the control apparatus is
arranged to perform the first computational analysis
taking into account a subset of the steps within the
sequence of dose delivery instructions, and perform
the second computational analysis during the per-
formance of the dose delivery instructions and after
a corresponding subset of the steps within the se-
quence of dose delivery instructions.

14. Radiotherapy apparatus according to claim 13 in
which the control apparatus is arranged to perform
multiple pairs of computational analyses after differ-
ent subsets of the steps within the sequence of dose
delivery instructions.

Patentansprüche

1. Strahlentherapiegerät, umfassend:

eine Quelle therapeutischer Strahlung zur Ab-
gabe einer Dosis an einen Patienten,
einen elektronischen Portalbilddetektor zum
Nachweisen der therapeutischen Strahlung
nach deren Durchleitung durch den Patienten
und nach Abschwächung durch den Patienten,
eine Steuereinheit, die dazu angepasst ist:

i. eine Sequenz von Dosisabgabeanwei-
sungen zu empfangen;
ii. Daten zu empfangen, die den Patienten
beschreiben und zumindest die Patienten-
geometrie charakterisieren;
iii. unter Verwendung der Dosisabgabean-
weisungen und der Patientendaten eine
erste Computeranalyse durchzuführen, um
eine an den Patienten abzugebende erwar-
tete Dosisverteilung durch Ausführen einer
anfänglichen Teilmenge der Dosisabgabe-
anweisungen festzustellen, um eine erste

Dosisverteilung und ein erstes Profil, das
auf die Entwicklung der ersten Dosisvertei-
lung während ihrer Abgabe hinweist, zu er-
zeugen;
iv. im Anschluss an den Abschluss der ers-
ten Computeranalyse das Gerät zu veran-
lassen, die Dosisabgabeanweisungen aus-
zuführen; und
v. während der Ausführung der Dosisabga-
beanweisungen,

a) die Ausgabe des Detektors zu erfas-
sen;
b) eine zweite Computeranalyse auf
Basis der erfassten Ausgabe in Verbin-
dung mit den Patientendaten durchzu-
führen, um eine geschätzte tatsächli-
che nachfolgende Dosisverteilung und
ein nachfolgendes Profil, das auf die
Entwicklung der nachfolgenden Dosis-
verteilung während ihrer Abgabe hin-
weist, zu erzeugen, und
c) die geschätzte tatsächliche Dosis-
verteilung mit der erwarteten Dosisver-
teilung durch Vergleich der ersten und
der nachfolgenden Profile zu verglei-
chen, um sicherzustellen, dass die
nachfolgende Dosisverteilung sich auf
die gleiche Weise wie die erste Dosis-
verteilung entwickelt.

2. Strahlentherapiegerät nach Anspruch 1, wobei die
Steuereinheit zum Ausgeben eines Alarmsignals an-
gepasst ist, wenn der Vergleich einen signifikanten
Unterschied zwischen der nachfolgenden Dosisver-
teilung und der ersten Dosisverteilung zeigt.

3. Strahlentherapiegerät nach Anspruch 2, wobei ein
Unterschied signifikant ist, wenn er einen vorgege-
benen Schwellenwert überschreitet.

4. Strahlentherapiegerät nach einem der vorhergehen-
den Ansprüche, wobei die Schritte i. bis iii. an einem
ersten Kalendertag beginnen und die Schritte iv. und
v. an einem späteren Kalendertag stattfinden.

5. Strahlentherapiegerät nach einem der vorhergehen-
den Ansprüche, wobei die Quelle Sensoren zum
Messen ihrer Strahlenausgabe aufweist und die ab-
gegebene Dosis anhand eines Unterschieds zwi-
schen einem von den Sensoren gemessenen Aus-
gangsstrahl und einem vom Detektor gemessenen
abgeschwächten Strahl bestimmt wird.

6. Strahlentherapiegerät nach einem der vorhergehen-
den Ansprüche, wobei die den Patienten beschrei-
benden Daten Daten beinhalten, die eine Außenflä-
che des Patienten definieren.
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7. Strahlentherapiegerät nach Anspruch 6, wobei die
Computeranalyse eine Rückprojektion der gespei-
cherten Strahlungsfluenzinformationen durch einen
Körper, der aus einem Standardmaterial mit einer
der Außenfläche des Patienten entsprechenden
Form besteht, umfasst, um eine Dosisverteilung zu
bestimmen.

8. Strahlentherapiegerät nach Anspruch 7, wobei das
Standardmaterial Wasser ist.

9. Strahlentherapiegerät nach einem der Ansprüche 1
bis 6, wobei die den Patienten beschreibenden Da-
ten Daten beinhalten, die zumindest Gewebearten
oder Gewebedichten innerhalb des Patienten defi-
nieren.

10. Strahlentherapiegerät nach Anspruch 9, wobei die
Computeranalyse eine Rückprojektion der gespei-
cherten Strahlungsfluenzinformationen durch die
definierten Gewebeartsinformationen umfasst, um
dadurch eine Dosisverteilung zu bestimmen.

11. Strahlentherapiegerät nach einem der vorhergehen-
den Ansprüche, wobei die den Patienten beschrei-
benden Daten aus einem CT-Scan oder einem MRT-
Scan des Patienten abgeleitet werden.

12. Strahlentherapiegerät nach einem der vorhergehen-
den Ansprüche, wobei die Berechnung von Schritt
(iii) wiederholt wird, um mehrere erwartete Dosisver-
teilungen, die mehreren anfänglichen Teilmengen
der Dosisabgabeanweisungen entsprechen, abzu-
leiten.

13. Strahlentherapiegerät nach einem der vorhergehen-
den Ansprüche, wobei die Steuereinheit zur Durch-
führung der ersten Computeranalyse unter Berück-
sichtigung einer Teilmenge der Schritte innerhalb
der Sequenz von Dosisabgabeanweisungen, und
zur Durchführung der zweiten Computeranalyse
während der Ausführung der Dosisabgabeanwei-
sungen und nach einer entsprechenden Teilmenge
der Schritte innerhalb der Sequenz von Dosisabga-
beanweisungen ausgelegt ist.

14. Strahlentherapiegerät nach Anspruch 13, wobei die
Steuereinheit zur Durchführung mehrerer Paare von
Computeranalysen nach verschiedenen Teilmen-
gen der Schritte innerhalb der Sequenz von Dosis-
abgabeanweisungen ausgelegt ist.

Revendications

1. Appareil de radiothérapie comprenant :

une source de rayonnement thérapeutique pour

administrer une dose à un patient,
un détecteur d’image de portail électronique
pour détecter le rayonnement thérapeutique
après qu’il a traversé le patient et après l’atté-
nuation par le patient,
une unité de commande conçue pour :

i. recevoir une séquence d’instructions
d’administration de dose ;
ii. recevoir des données décrivant le patient
et caractérisant au moins la géométrie du
patient ;
iii. à l’aide des instructions d’administration
de dose et des données de patient, effec-
tuer une première analyse computationnel-
le pour établir une distribution de dose at-
tendue à administrer au patient par l’exécu-
tion d’un sous-ensemble initial des instruc-
tions d’administration de dose afin de pro-
duire une première distribution de dose et
un premier profil indiquant le développe-
ment de la première distribution de dose
pendant son administration ;
iv. après l’achèvement de la première ana-
lyse computationnelle, amener l’appareil à
exécuter les instruction d’administration de
dose ; et
v. pendant l’exécution des instructions d’ad-
ministration de dose,

a) acquérir la sortie du détecteur ;
b) effectuer une seconde analyse com-
putationnelle basée sur la sortie acqui-
se conjointement avec les données de
patient pour produire une distribution
de dose ultérieure réelle estimée et un
profil ultérieur indiquant le développe-
ment de la distribution de dose ultérieu-
re pendant son administration, et
c) comparer la distribution de dose réel-
le estimée à la distribution de dose at-
tendue en comparant le premier profil
et le profil ultérieur pour s’assurer que
la distribution de dose ultérieure se dé-
veloppe de la même manière que la
première distribution de dose.

2. Appareil de radiothérapie selon la revendication 1,
dans lequel l’unité de commande est conçue pour
émettre un signal d’alerte si la comparaison montre
une différence significative entre la distribution de
dose ultérieure et la première distribution de dose.

3. Appareil de radiothérapie selon la revendication 2,
dans lequel une différence est significative si elle
dépasse un seuil prédéterminé.

4. Appareil de radiothérapie selon l’une quelconque
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des revendications précédentes, dans lequel les éta-
pes i. à iii. commencent un premier jour calendaire
et les étapes iv. à v. ont lieu un jour calendaire ulté-
rieur.

5. Appareil de radiothérapie selon l’une quelconque
des revendications précédentes, dans lequel la
source comprend des capteurs pour mesurer sa sor-
tie de rayonnement et la dose administrée est déter-
minée par une différence entre un rayon de sortie
mesuré par les capteurs et un rayon atténué mesuré
par le détecteur.

6. Appareil de radiothérapie selon l’une quelconque
des revendications précédentes, dans lequel les
données décrivant le patient comprennent des don-
nées définissant une surface externe du patient.

7. Appareil de radiothérapie selon la revendication 6,
dans lequel l’analyse computationnelle comprend
une rétroprojection des informations de fluence de
rayonnement stockées à travers un corps se com-
posant d’un matériau standard ayant une forme cor-
respondant à la surface externe du patient, ce qui
permet de déterminer une distribution de dose.

8. Appareil de radiothérapie selon la revendication 7,
dans lequel le matériau standard est l’eau.

9. Appareil de radiothérapie selon l’une quelconque
des revendications 1 à 6, dans lequel les données
décrivant le patient comprennent des données défi-
nissant des types de tissu et/ou des densités de tissu
dans le patient.

10. Appareil de radiothérapie selon la revendication 9,
dans lequel l’analyse computationnelle comprend
une rétroprojection des informations de fluence de
rayonnement stockées au moyen des informations
de type de tissu défini, ce qui permet de déterminer
une distribution de dose.

11. Appareil de radiothérapie selon l’une quelconque
des revendications précédentes, dans lequel les
données décrivant le patient sont dérivées soit d’un
tomodensitogramme, soit d’un examen par IRM du
patient.

12. Appareil de radiothérapie selon l’une quelconque
des revendications précédentes, dans lequel le cal-
cul de l’étape (iii) est répété pour dériver de multiples
distributions de dose attendues correspondant à de
multiples sous-ensembles initiaux des instructions
de distribution de dose.

13. Appareil de radiothérapie selon l’une quelconque
des revendications précédentes, dans lequel l’appa-
reil de commande est conçu pour effectuer la pre-

mière analyse computationnelle prenant en compte
un sous-ensemble des étapes dans la séquence
d’instructions d’administration de dose, et pour ef-
fectuer la seconde analyse computationnelle pen-
dant l’exécution des instructions d’administration de
dose et après un sous-ensemble correspondant des
étapes dans la séquence d’instructions d’adminis-
tration de dose.

14. Appareil de radiothérapie selon la revendication 13,
dans lequel l’appareil de commande est conçu pour
effectuer de multiples paires d’analyses computa-
tionnelles après différents sous-ensembles des éta-
pes dans la séquence d’instructions d’administration
de dose.
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